Background: Assessment of children treated nonoperatively for idiopathic clubfoot, has primarily focused on the kinematic and kinetic results measured with gait analysis (GA). Excellent results in ankle motion and push-off power during gait have been reported at age 5; however, the assessment of gross motor function, has not been evaluated. The purpose of this study was to look at the relationship between gait measures, Peabody Developmental Motor Scales and parent-perception of their child's outcome [measured with the Pediatric Outcomes Data Collection Instrument (PODCI)]. Methods: A total of 81 children with idiopathic clubfoot were seen for both GA and Peabody testing. Children who initially underwent the Ponseti technique (n = 29), the French Physical Therapy method (PT) (n = 23), and a group of children initially treated nonoperatively, but who required surgical intervention before GA at 5 years of age (n = 29) were enrolled. Pearson's correlation coefficient was used to establish significant relationships between gait variables, Peabody, and PODCI scores. Results: Gait data showed that the Ponseti treated feet had significantly greater ankle power than feet treated surgically (P = 0.0075). The Peabody results showed that the PT feet had higher stationary (P = 0.0332) and overall gross motor quotient percent (GMQ%) scores (P = 0.0092) than the surgical feet. No differences were found in PODCI scores. Ankle power was weakly correlated to the GMQ% (r = 0.29; P = 0.0102); however, the GMQ% showed a strong correlation to the parent report of Global Functioning Scale on the PODCI (r = 0.48; P = 0.0005). Conclusions: Minimal gait disturbances do not interfere with function or parental assessment of abilities and satisfaction at 5-year follow-up in children with idiopathic clubfeet. Nonoperative correction of clubfeet should be the goal when possible, as the Peabody scores show better function as early as 5 years of age when surgery is not required. Level of Evidence: Level II-therapeutic.
R
enewed interest in nonoperative treatment of children with idiopathic clubfoot deformity has led to increasing numbers of centers worldwide offering the Ponseti casting protocol. Early results have shown striking decreases in the number of children requiring surgical releases. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Many reports have claimed that the Ponseti protocol is successful based solely on the lack of surgery in this patient population. 2, 12 Few centers in Europe and North America offer the French physical therapy method of correction for clubfoot, popularized by Bensahel and Dimeglio in France. 13 Proponents of this program report reduced surgical rates as well, although the program has been modified during the last decade. 14 Outcome studies of both the Ponseti 15 and the French programs of clubfoot nonoperative correction focus on surgical rates, and report relapse rates after initial correction. 6, 16, 17 Few studies have looked at functional tasks in children with clubfoot. 18, 19 Gait analysis (GA) has been used to quantify the function of children treated for clubfoot deformities. 5, 7, 8, 11, 18, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Kinematics have been reported in 2 27, 29, 32 and 5-year-old 30 children from our center, and have documented that while more children who have not undergone surgical release have a higher likelihood of normal ankle motion during gait, joint kinematic abnormalities persist in some patients. Specifically, 2-year-old children treated with the French physical therapy method may have residual limitations of ankle dorsiflexion during stance phase. Patients treated with the Ponseti technique were more likely to have excessive dorsiflexion during stance, probably due to the Achilles tenotomy that is performed before the final cast in the majority of children. Both groups were found to have an internal foot progression angle in one-third of the patients.
By age 5, GA shows fewer children in either equinus or excessive dorsiflexion, as those who had the greatest gait deviations were prone to undergo delayed surgical correction between ages 2 and 5 years. However, ankle power generation at terminal stance is reduced in all groups, but most markedly in patients following surgical release. 30 Although GA has carefully documented kinematic and kinetic differences in children with clubfeet, the clinician is left wondering what the functional implications of these gait deviations are, if any. Sala et al 33 studied the effect of the Ponseti protocol on a child's ability to achieve gross motor milestones (including rolling over, sitting, pullto-stand, cruising, and ambulating independently). Most milestones were achieved within 0.7 to 1.5 months, with the exception that independent ambulation was achieved with a 2.2-month delay. The number of studies assessing functional outcome after treatment for clubfoot, has been limited. 18, 19 Similarly, research on the parent's perception has been limited to outcomes following the Ponseti protocol (the cast phase and brace phase) and identifying areas of difficulty during the treatment protocol. 34 Parental perception of function has been previously reported in patients treated with the Ponseti technique compared with those treated surgically. 7, 35 The purpose of this study was to objectively measure gross motor function in children who were initially treated nonoperatively for idiopathic clubfoot with either the Ponseti casting protocol or with the French physical therapy method. Gross motor function was then compared with kinematic and kinetics obtained by instrumented GA. Finally, the differences in gross motor function between the 2 nonoperative groups and a third group of children who were initially treated nonoperatively, but then required surgery, was analyzed. Our aim was to document whether differences seen in GA correlate with diminished gross motor function or perceived limitations from the parents of children with clubfoot.
METHODS
Children who received initial nonoperative treatment at our center for the diagnosis of idiopathic clubfoot were studied. Group 1 was defined as children treated solely by the Ponseti protocol (Ponseti), consisting of weekly long-leg casts, Achilles tenotomy as needed, and use of a foot abduction orthosis at the end of casting for 3 months full-time, and for 2 to 3 years at nights thereafter. 15 Group 2 were children treated with the French physical therapy method (PT) of correction alone. 13 This program entailed daily sessions of physical therapy to manipulate the foot, followed by taping the foot in the corrected position. Correction of the adductus and varus is usually obtained in the first few months of life; however, equinus has persisted in some feet. This has led to the inclusion of Achilles tenotomy in feet resistant to full correction. 6, 14 Foot abduction orthoses are not used in this method; however, a below the knee, ankle foot orthosis splint is used to hold the foot in position. Finally, group 3 included children that had either unsuccessful correction or relapse of clubfoot deformity and underwent surgical procedures.
GA was conducted at 5 years of age. Kinematic and kinetic data were collected with a Vicon motion capture system (Vicon, Denver, CO) simultaneously with AMTI force plates (Advanced Mechanical Technology Inc., Watertown, MA) while participants walked at a self-selected speed. A standard Plug in Gait marker set was used and data were analyzed using Vicon Nexus. Kinematic and kinetic variables included: peak-ankle dorsiflexion in stance phase, peak-ankle plantarflexion, peak plantarflexion at toe-off, dynamic ankle range of motion, foot progression angle, and maximal ankle power generation at the transition from stance to swing phase. In bilateral patients, gait data from one involved limb was randomly selected for analysis.
The Peabody Developmental Gross Motor Scale 36 (Peabody) was administered to each child by a trained pediatric physical therapist either at the time of GA, or within a few months. The Peabody test is an examination of gross motor function that can be administered to children from infancy to 6 years of age. The test is divided into 3 domains. The stationary domain tests the ability of the body to sustain equilibrium and balance over the center of gravity. An example of a task within the stationary domain is the child's ability to stand on their toes. The locomotion domain measures various forms of movement, such as running, jumping, and hopping. The object manipulation domain evaluates such skills as throwing, catching, and kicking a ball with each foot. The gross motor quotient is a composite score combining these 3 subsets and is reported as a percentile (GMQ%). It is also divided categorically based on the normal distribution: Poor, 0% to 10%; Below average, 11% to 25%; Average, 26% to 75%; and Above average, 76% to 100%.
The Pediatric Outcomes Data Collection Instrument 37 (PODCI) questionnaire was administered to the accompanying parent of the child. The parent perceptions of the following subscales were assessed: Transfer and Basic Mobility, Sports/Physical Functioning, Pain/Comfort, Happiness, and Global Function Scale (GFS). Three of these subscales (Transfer and Basic Mobility, Sports/ Physical Functioning, Pain/Comfort) and the Global Functioning Scale have been validated for use in children with orthopaedic conditions 37 and are reported as a standardized mean.
Statistical analysis of the data included ANOVA, with a post hoc Tukey test to establish differences between the groups. Pearson's correlation coefficient was then run between gait variables, Peabody scores, and PODCI scores. Alpha was set to 0.05.
RESULTS
One hundred five patients with idiopathic clubfoot were enrolled into the study. The children were randomly recruited from a large prospective multiyear study of the treatment of clubfoot. Children were excluded (n = 24) for the following reasons: 1 had a subsequent diagnosis other than idiopathic clubfoot at follow-up, 13 had prior treatment at an outside facility, 5 had a combination of PT and Ponseti treatment but not surgery, and 5 children had bilateral clubfeet with 1 foot remaining nonoperative but the other requiring surgery. The remaining 81 children comprise the study group. There were 27 girls and 54 boys. Twenty-nine children had been treated only by the Ponseti technique, 23 by the PT method, and 29 failed nonoperative treatment and underwent a surgery ( Table 1 ). The surgical group was comprised of children who initially started the Ponseti program (n = 10), the PT program (n = 14), and a group of children that had a combination of the 2 forms of treatment (n = 5), before surgery. The average initial Dimeglio severity score 14 was 13.2 ± 2.6 for the Ponseti group, 11.7 ± 2.7 for the PT group, and 14.1 ± 2.1 for the surgical feet. Patients with bilateral clubfoot were present in 41% of the Ponseti, 43% of the PT, and 48% of the surgical groups.
For inclusion in the study, all children underwent GA and Peabody testing within 12 months (Peabody scoring is age normalized, accounting for maturation in the young child). The average age at GA was 5.1 ± 0.2 years in the Ponseti group, 5.2 ± 0.2 years in the PT group, and 5.1 ± 0.3 years in the surgical group (range, 4.2 to 6.0 y). The age at time of Peabody testing averaged 5.0 ± 0.2 years for the Ponseti group, 5.3 ± 0.3 years for the PT feet, and 5.1 ± 0.3 years for the surgical feet (range, 4.2 to 6.0 y). The PT group was significantly older than both the Ponseti and Surgical groups at the time they completed the Peabody (P < 0.05).
GA showed no significant differences in average kinematic data between the 3 groups. However, kinetic data [23 PT, 29 Ponseti, and 27 (of 29) Surgical participants] showed that patients treated with the Ponseti method had significantly greater ankle power generation (3.2 ± 0.8 W/kg) than patients who had undergone surgery (2.6 ± 0.7 W/kg; P = 0.0075), but the difference in ankle power between the 2 nonoperative groups did not reach statistical significance.
Results from the Peabody test showed the average GMQ% was 46.9% for the Ponseti group, 55.4% for the PT group, and 40.6% for the surgical group. The PT group scored highest in all domains of the Peabody compared with the other groups, but the difference reached statistical significance only in the stationary assessment skills (P = 0.0332) and in the overall GMQ% (P = 0.0092) compared with the surgery group ( Table 2) . Between 72% and 87% of these children in the study scored in the Average range for the GMQ. In comparing the gross motor rankings across the 3 groups, only 1 patient scored in the Poor category, and he had undergone surgery. Of the surgical patients, 6 (21%) scored Below average, compared with 1 child in the PT cohort (4%) and 4 (14%) in the Ponseti group (Fig. 1) . The Above average GMQ ranking was present in one (3%) of the surgical patients, one (3%) of the Ponseti patients, and 2 of (9%) of the PT patients. In combining nonsurgical modalities and comparing them to the children who had undergone surgery, only 10% of the 52 nonoperative children had GMQ's below average (ie, <25%) compared with 24% of the 29 surgical children.
The PODCI was administered to the accompanying parents of 14 Ponseti, 16 PT, and 21 surgically treated patients. There were no significant differences between the 3 treatment groups in any domain of the PODCI outcome questionnaire. Although not statistically significant, parents of children treated with PT scored their children highest in all domains compared with the other 2 groups. Interestingly, the Ponseti parents gave the lowest scores for Happiness (Table 2) .
Correlations between gait variables and Peabody scores and PODCI reports were explored (Table 3) . Weak correlations were made between gait variables and Peabody scores. Increased peak plantarflexion, plantarflexion at toe-off, and decreased stance phase dorsiflexion correlated with higher scores on the Peabody stationary domain. Greater ankle power correlated with higher stationary, locomotion, and GMQ% scores on the Peabody. In analyzing the relationship between the gait data and the PODCI domains, we found moderate correlations. Decreased ankle dorsiflexion in stance phase (as is seen in the PT feet) correlated with better scores in transfers/ mobility, pain and comfort, and GFS. Increased peak plantarflexion (as is typical of both nonoperative groups) correlated with improved pain and comfort scores and the GFS.
Finally the relationship between performance on the Peabody test and parent-perceived functional outcome was analyzed (Table 4) . Patients with higher stationary skills were scored significantly higher in the sports/physical functioning, pain and comfort domains, and the GFS. Interestingly, patients who scored higher on the locomotion section of the Peabody, which measures running and jumping, scored significantly higher on all domains of the PODCI, and highest in the overall PODCI score. Finally, the relationship between the GMQ% (ie, the overall score compared with normal children) on the Peabody strongly correlated with all domains of the PODCI, with P-values ranging from 0.0076 for the transfer domain to 0.0002 for the sports/physical functioning domain. The relationship between the overall GFS on the PODCI and the GMQ score on the Peabody was highly significant (r = 0.48; P = 0.0005).
DISCUSSION
Over the last 10 years, several papers have reported on the outcome of children with clubfoot measured using instrumented GA. 5, 7, 8, 11, 18, [27] [28] [29] [30] [31] [32] Our laboratory reported unsatisfactory gait results in patients who underwent posteromedial release at 10-year follow-up, finding diminished ankle motion, limitations in push-off power at FIGURE 1. Peabody Gross Motor Quotient Rankings between Groups. Diagonal, Ponseti casting technique; dotted, PT method; and solid, surgical feet. On the basis of the normal distribution: 0% to 10%, Poor; 11% to 25%, Below average; 26% to 75%, Average; 76% to 100%, Above average. the ankle, and a 26% difference in isokinetic strength of the gastrocsoleus muscle. 23 Yet the patients who were enrolled for this study were not being considered for further surgery, and were believed, although not objectively assessed, to be satisfied with their feet. Results such as this and other reports led to a change in the treatment of clubfeet at our center, first by the institution of the French PT program, and then 3 years later with the adoption of the Ponseti method. Gait results at age 5 years comparing nonoperative and surgically treated clubfeet, showed improved ankle power and motion in the nonoperative feet, but there were subtle abnormalities present in the kinematic graphs of the nonoperative groups as well. 30 Young patients who had undergone the French PT method had slight limitation of ankle dorsiflexion in stance phase, leading to a change in protocol to include an Achilles tenotomy in the subset of therapy feet that have persistent equinus. 6,29 At 2 years of age, El Hawary showed increased stance phase dorsiflexion during second rocker, in feet treated with the Ponseti program. 29 It was postulated that this was likely due to the Achilles tenotomy that is typically performed in these feet. As has been documented in previous studies from our institution, the PT group had, on an average, 2 degrees less dorsiflexion in midstance phase compared with the other 2 groups, but this was not significant. Also, as has been previously published, the surgical group had the least plantarflexion at toe-off secondary to mild postoperative stiffness or weakness. Because of the small differences, however, and the small study groups, none of the kinematic differences, even though characteristic for clubfeet, were significantly different from each other or from age-matched normal values. Intoeing was greatest in the surgical group, with an average foot progression angle of 3.1 degrees internal, compared with the age-matched normal of 8.2 degrees external. Presentations of this data inevitably led to questions about the functional importance of the gait differences that were present in the children treated not only nonoperatively, but even those who had undergone surgery. Are small increases in ankle dorsiflexion or statistically significant decreases in ankle power generation clinically significant? We undertook this study to attempt to address this question.
The Peabody test is a validated tool in wide use in physical therapy to assess how abnormal the gross motor function of a child is compared with their age-matched peers. The Peabody has been used in clinical investigations of prematurely born children 38, 39 and young patients with cerebral palsy 40,41 but has not previously been used to our knowledge in children with clubfeet. It was selected due to its wide range of clinical applications and the particular skills that it assesses. It is logical that if disturbances in motion or strength of the foot and ankle exist, that such skills as toe-walking, standing on 1 leg, jumping, and running may be more challenging. In review of the results of this study, it is encouraging that the vast majority of patients with idiopathic clubfoot, regardless of which treatment group they were in, have average gross motor function at the age of 5 years. Furthermore, it seems that the results of the Peabody support the continued benefit of nonoperative treatment in children with clubfoot. Although most surgical feet had "average" GMQ%, those children with below average scores were most likely to be in the surgical group.
The PODCI analysis yielded very interesting results. Although no significant differences were found between groups across the domains, parents of children treated with the PT technique scored their children highest in all domains. The PT technique is a very laborious and timeconsuming process, requiring significant parent time and emotional investment in the method. Frequent visits to the therapist in the newborn period, parental taping and exercises, and close follow-up with the therapist are required for successful outcomes. The children in our PT group had successful outcomes in that they avoided surgery, and perhaps the high scores from their parents validates the investment they had made to the performance and adherence to the method.
Parents of children treated by the Ponseti method scored their children slightly lower on happiness compared with the other groups. It can be proposed that the prolonged use of the nighttime foot abduction orthosis 34 may have led to less overall satisfaction with the technique. After the Ponseti technique, the children function as well or better than the children who underwent surgical management, and their gait results as evidenced by lack of intoeing and improved ankle power indicate successful nonoperative results. The struggles of using the nighttime orthosis are readily expressed in our clinic visits, and this may have an impact on the parent assessment of outcome, albeit only slightly. Overall, the results of this study are quite reassuring. Minimal gait disturbances do not interfere with function or parental assessment of abilities and satisfaction at 5-year follow-up in children with idiopathic clubfeet. Nonoperative correction of clubfeet should be the goal when possible, as the Peabody scores show better function as early as 5 years of age when surgery is not required. Longer follow-up is needed, as it is not typical for the kindergarten age child with a treated clubfoot to note pain or functional difficulties. A comprehensive study of the results of nonoperatively treated 10-year-old patients with clubfeet, comprised of GA, pedobarography, isokinetic strength measurement, gross motor function, and patient-based outcomes is underway at our center. We conclude that mild kinematic and kinetic gait disturbances may persist in some children treated nonoperatively for idiopathic clubfeet, but functional difficulties rarely exist or are perceived at the age of 5 years.
